N umerous self-reported rates of past cheating behaviors by students, including plagiarism, hover around 50% (Hale 1987 , Franklyn-Stokes and Newstead 1995 , McCabe et al. 2001 ). On one hand, plagiarism may be a premeditated act of deception, whereby students knowingly present the words or ideas of others' as their own (Howard 1995 , Yeo 2007 . Many institutions have incorporated penalties and honor codes to combat or prevent such actions; accordingly, honor codes have been shown to lower the incidence of cheating, yet they do not eliminate it (McCabe et al. 2001) . Despite these measures, some students rationalize this misconduct because their perceived alternative-failure-seems worse (Park 2003 , Power 2009 ). On the other hand, some students are unaware that their actions, or absence of actions, may constitute plagiarism (Howard 1995 , Park 2003 . McCabe and colleagues (2001) found that the incidence of cheating on written work was roughly identical to rates 30 years prior; however, students defined plagiarism far more loosely in 1993 than they did in 1963. For example, many students did not recognize that proper citation must accompany good paraphrasing or quoting to adequately avoid plagiarism (e.g., Wilhoit 1994 , Franklyn-Stokes and Newstead 1995 , Roig 1997 , Rennie and Crosby 2001 , Dawson MM and Overfield 2006 , Yeo 2007 , Power 2009 ). Despite the prevalence of plagiarism due to poor citation skills, this topic is often sidestepped in science curriculum. Typically, instructors warn students of plagiarism during the first week of class (Power 2009 ), but they provide no further instruction. In Nuss (1984) , over half of the surveyed college instructors never or minimally discussed their policies on academic integrity in the classroom. Previous work (Roig 1999 , Landau et al. 2002 , Schuetze 2004 , Belter and du Pré 2009 , however, demonstrated that education can reduce unintentional plagiarism.
Student plagiarism is indisputably a cross-discipline issue. With the present study, however, I hoped to identify the source of inadvertent plagiarism in the biological sciences and to investigate how science educators can reduce it. The bulk of research on student plagiarism is derived from the social sciences (e.g., Ashworth et al. 1997 , Roig 1997 , Elander et al. 2010 . In a notably smaller body of literature, these issues have been investigated in science, technology, engineering, and mathematics (STEM) fields, and much of that literature focuses largely on students in health fields (e.g., Julliard 1994 , Gaberson 1997 , Rennie and Crosby 2001 . In the natural sciences, most plagiarism research is either qualitative (Willmott and Harrison 2003) or quantifies student perceptions and not their performance (Craig et al. 2010, Freeman and Lynd-Balta 2010 ; but see Soto et al. 2004, Dawson MM and Overfield 2006) . The present study, therefore, fills a significant gap in the science education literature: It combines qualitative assessments of students' understanding of plagiarism with controlled analyses of the factors contributing to the lack of that understanding.
Specifically, my main goals were to determine how successfully biology students can identify plagiarism; whether Education plagiarism training improves students' ability to identify plagiarism; whether readability of the material (i.e., sentence structure, word length, and scientific terminology) affects students' ability to recognize plagiarism; and how varying the severity of plagiarism influences students' ability to discern plagiarized material from properly quoted, paraphrased, and attributed material.
Survey instrument
The course used for this study, General Ecology, is a required course for 10 majors within two colleges (the Colleges of Science and Natural Resources) at a public postsecondary institution in the western United States. The prerequisites for the course ensure that most students have previously taken General Biology for biology majors.
For this study, surveys were administered the first and last week of the fall 2010 and spring 2011 semesters through an electronic management system (Blackboard, Inc., Washington, DC). All General Ecology students during these semesters were asked to participate in the study. Survey completion constituted 1% of the students' final grade, but they could complete a short alternative assignment if they chose not to participate. The electronic survey was designed and the data were collected using Survey Monkey (www. surveymonkey.com). The full survey (see the supplemental material, available online at http: //dx.doi.org/10.1525/bio. 2012.62.6.9 ) consisted of 23 questions and was adapted from Roig (1997) .
The survey gathered unique identifiers, information on each student's prior education related to plagiarism, and demographics. The remaining half of the survey was aimed at assessing the students' success or lack thereof in recognizing plagiarism. I selected two review papers related to trophic cascades (see Licht et al. 2010 and Pace et al. 1999) . Secondary literature sources were chosen over primary literature because they better lent themselves to freestanding, two-sentence excerpts in which the reader, a second-year undergraduate student, would need little background knowledge to follow the content. This exercise (i.e., reading literature on theoretical concepts in ecology and summarizing them in their own words) was a key learning objective for both the 2010 and 2011 classes. For the survey, the students were required to read the original excerpt of each paper (table 1) . Then, the students were presented with six short paragraphs that were based on each excerpt (see the supplemental material). The new paragraphs represented a range of plagiarism severity (table 2), in which four paragraphs were plagiarized and two were not. The students were asked to rate each new paragraph as plagiarized or not plagiarized. The response variable-student success-was the proportion of correct responses (plagiarized when it was plagiarized or not plagiarized when it was not).
Four factors related to the understanding of plagiarism Plagiarism training was the primary factor of interest in this study. The fall 2010 class (n = 94) was given four writing assignments. These assignments were designed to improve the students' library literacy, to define plagiarism and allow the students to The subcategories within each rating (e.g., good1 and good2) represent equal variations of plagiarism and merely reflect two methods of plagiarism avoidance. b P, Pace et al. 1999; L, Licht et al. 2010 ; the version number is as it appears in the survey instrument (see the supplemental material).
c Direct plagiarism, copying all or portions of the work while maintaining the original work intact (i.e., without word replacement or deletion); patchwriting plagiarism (sensu Howard 1995), a paraphrase including more than five consecutive copied words, primarily consisting of word replacement or deletion.
Education practice avoiding it, to help the students develop skills in paraphrasing, and to help the students to assemble these skills into a two-page research paper related to the ecological topics covered during class. The expected learning outcomes of these assignments were that the students would be able to identify scientific literature, to discriminate primary from secondary literature, to generate appropriate citations according to the Council of Science Editors (CSE), and to construct quotations and paraphrases free of plagiarism. The ultimate goal of this training was not to prepare the students to write primary research manuscripts or to review articles suitable for publication but, rather, to write university assignments not intended for publication. The plagiarism assignment specifically provided definitions of plagiarism and guidelines for and examples of proper quotation, proper citations (according to CSE), and proper paraphrasing (see the supplemental material). The assignment also required that the students demonstrate proficiency in plagiarism avoidance; it was adapted from a similar assignment by Paul C. Smith at Alverno College. The spring 2011 class (n = 54) was assigned three writing assignments, all of which were different from those given to the 2010 class. Each 2011 writing assignment was a figure set designed to improve the students' math and interpretation skills through the use of ecological data (Fortier 2002 , D'Avanzo and Musante 2004a , 2004b . For each assignment, the students communicated their ideas in writing, which, in most cases, required them to quote, paraphrase, or provide attribution. A formal definition of plagiarism, however, was provided on the syllabus only as a Web link to the University's policy on academic integrity. A single example of proper paraphrasing and attribution was available on the course Web site, which the students were not required to consult. Guidelines on proper quoting, citing, and paraphrasing practices were not part of the instruction or assignment materials. Several weeks into the semester, the instructor conducted a 10-minute demonstration on improper paraphrasing techniques (e.g., cutting and pasting from the Internet).
I considered the fall 2010 class to be the plagiarismtraining group, because the students received the definition of plagiarism along with the guidelines and examples of how to avoid it (through quoting, paraphrasing, and citing); the students further practiced these skills in a focused assignment (see the supplemental material). The spring 2011 class was considered to be the no-plagiarism-training group, because the students received no clear definition of plagiarism and no guidelines on how to avoid plagiarism as part of the ecology class (although a few examples were provided). The students were indirectly required to practice avoiding plagiarism; that is, the goal of their assignments was to develop critical thinking and synthesis skills while also avoiding plagiarism.
To account for the inherent variability in the students' experiences with plagiarism, change over time was the second factor. The survey links were open for only the first and last weeks of the fall 2010 and spring 2011 semesters, which allowed for repeated measurements. As part of the survey, each student created a unique identifier, which protected his or her anonymity and yet allowed for longitudinal comparisons of his or her survey responses.
Previous work suggests that greater readability minimizes the incidence of plagiarism (Roig 1999 , Walker 2008 . As an extension, I predicted that the students would have greater success in identifying plagiarism with a more readable text. Reading ease can be evaluated using the Flesch reading ease score (Flesch 1948) . This score, which ranges from 0 to 100, is derived from the average sentence length and average number of syllables per word (Flesch 1948) . In the survey instrument, two levels of reading ease comprised the third factor. The first original excerpt (Pace et al. 1999) represented the difficult reading level, because it contained an average of 6.4 characters per word and had a Flesch reading ease score of 0.0 (table 1). New paragraphs derived from this excerpt, on average, had 6.5 characters per word and a Flesch score of 2.0. In addition, this excerpt contained numerous scientific terms (e.g., species replacement, predatory impact, trophic cascades) that may lie outside the average second-year biology student's vernacular. The second original excerpt (Licht et al. 2010 ) was considered the moderate reading level, with a Flesch reading ease score of 44.6, an average of 4.4 characters per word, and few scientific terms (table 1) . New paragraphs based on this excerpt were also more readable (an average of 4.5 characters per word and a Flesch score of 50.2).
The fourth and final factor that I evaluated was the severity of plagiarism. Plagiarism may be viewed as a sliding scale, on which properly quoted, paraphrased, and attributed materials represent one end of the scale and direct quotes lacking quotation marks or paraphrases including strings of copied words accompanied by a lack of attribution represents the opposite end (table 2). I hypothesized that the students would succeed in identifying the ends of this severity scale and would be more likely to fail in identifying plagiarism in the middle (i.e., proper paraphrases with no attribution or paraphrases with strings of copied words with proper attribution). For each of the two original excerpts, six new paragraphs represent this range of plagiarism severity (table 2) .
I used an analysis of variance of a four-way factorial in a split-split plot design to test the effects of the four factors and the interactions on the students' ability to accurately identify plagiarism or the lack thereof. The students were used as whole-plot units, plagiarism training as the whole-plot factor (treatment or control), time as the subplot factor (the first or last week of the semester), and question readability (moderate or difficult) and plagiarism severity (see table 2) as sub-subplot factors. I coded student success (i.e., their identification of plagiarism as plagiarized and unplagiarized work as not plagiarized) as a binary response variable and therefore used a binomial distribution in my analyses. The data analysis was generated using the GLIMMIX procedure in SAS (Version 9.22, SAS Institute, Cary, North Carolina).
Education
Preliminary student knowledge and background Over two semesters, 148 students participated in this study. Eighty-four percent of the participants (124 students) completed both the pretreatment and the posttreatment surveys. The majority of these students were juniors (43%) and sophomores (37%), whereas freshmen (5%) and seniors (15%) represented a small portion of the population of sampled students. Of the students that reported demographic information, 61% were female, and 39% were male. Nearly all of the students identified English as their first language (99%). Ninety percent of the participants identified their major within the Colleges of Science or Natural Resources. The self-reported average grade-point average was 3.3 on a 0.0-4.0 scale. The first week of class, during the pretreatment survey, over half of the students reported that their understanding of what constitutes plagiarism was good (53%), whereas a third indicated that their understanding was very good (34%); only 12% reported a fair understanding, and a single student reported a poor understanding. At the start of both classes, 87% of the students reported having learned about plagiarism through formal assignments in their prior education, and the remaining 13% had previously been exposed to at least definitions or examples of plagiarism.
The first week, no significant differences in student success existed between the students that would receive plagiarism training and those that would not (F(1, 122) = 0.02, p = .88). The students matriculated in General Ecology during the fall 2010 and spring 2011 semesters failed to identify plagiarism or misidentified properly quoted, paraphrased, or attributed material as plagiarism roughly a quarter of the time (for the training group, the mean (M) = 74.8%, standard error (SE) = 2.61; for the no-training group, M = 74.1%, SE = 3.96; see figure 1 ). This pattern was due to nearly all of the students' missing a few questions, rather than to a quarter of the students' missing all the questions (figure 2). Most of these errors occurred when the students overlooked plagiarized paragraphs, because the success rates for properly quoted, paraphrased, and attributed paragraphs were far higher (M = 88.4%, SE = 0.10). Furthermore, student success did not correlate with self-assessments of plagiarism understanding (r 2 = .02).
Factors contributing to student success Plagiarism training clearly contributed to positive student outcomes (training × time interaction, F(1, 2684) = 13.79, p < .001; figure 1). Improvement due to training was not affected by readability (training × time × readability interaction, F(1, 2684) = 3.32, p = .0686), by severity (training × time × severity interaction, F(5, 2684) = 1.73, p = .1254), or by the two in combination (training × time × readability × severity interaction, F(5, 2684) = 1.39, p = .2260). Student success also varied with plagiarism severity (F(1, 2684) = 68.93, p < .001), regardless of training or time, but was uniformly high for the good severity rating (i.e., correctly quoted, paraphrased, and attributed paragraphs).
Plagiarism training helps
The first week of class, the students who had passed a university-level introductory biology course or its equivalent were incorrectly labeling plagiarism (or the lack thereof) in The distribution suggests that all students missed a few questions; a more positively skewed distribution, which was not found in these data, would have suggested that only a quarter of the students missed all of the questions, whereas the remaining 75% missed none.
Education one out of four cases. Rarely were the students overly cautious and did they mislabel legitimate text as plagiarized (student success first week of class, Good1, M = 94.0%, SE = 1.7; Good2, M = 94.3%, SE = 1.8). The students more often mislabeled plagiarized text as legitimate (student success first week of class, Fair1, M = 25.6%, SE = 3.6; Fair2, M = 49.3%, SE = 4.3; Poor1, M = 79.6%, SE = 3.3; Poor2, M = 64.4%, SE = 4.0). Failure to recognize plagiarism demonstrates an incomplete understanding of what constitutes plagiarism. In their own writing, students with this weak foundation are more likely to make these mistakes because they do not perceive them as wrong. The higher-education literature further supports the notion that some student plagiarism is unintentional (e.g., Roig 1997 , Dawson MM and Overfield 2006 , Walker 2008 . At the end of the semester, the students trained to avoid plagiarism had greater success in the discrimination of poor paraphrases, improper attribution, and a lack of quotation marks (figure 3). The plagiarism training administered in this study helped to demystify the gray area of plagiarism in which students struggle most (Hale 1987 , Julliard 1994 , Roig 1997 . Education, therefore, may theoretically minimize unintentional plagiarism by improving students' understanding.
It is unfair and, as this study demonstrates, erroneous for an educator to assume that students have perfected these skills during secondary education or in introductory college biology coursework (Emerson et al. 2005) . Every student in this study reported having learned about plagiarism through definitions, examples, paper writing, or focused assignments in their previous education. This exposure is evident from the high pretreatment-survey success rate (training group, M = 74.8%, SE = 2.61; no-training group, M = 74.1%, SE = 3.96). However, this study underscores the need to continue plagiarism education in mid-and upper-level biology curriculum in order to close the knowledge gaps (Cogdell and Aidulis 2008) . My work demonstrates that a single plagiarism-focused assignment can work toward that goal and may boost student success to nearly 90% for most types of plagiarism (student success last week for class for the training group, Good1, M = 94.8%, SE = 1.7; Good2, M = 86.3%, SE = 2.9; Fair1, M = 69.0%, SE = 4.4; Fair2, M = 92.5%, SE = 2.1; Poor1, M = 95.0%, SE = 1.7; Poor2, M = 93.4%, SE = 1.9). Similar positive outcomes with plagiarism training have been found in the social sciences (e.g., Roig 1999 , Landau et al. 2002 , Schuetze 2004 , Belter and du Pré 2009 ).
Readability does not matter
Another factor blamed for plagiarism is students' difficulty comprehending, reading, or engaging with a topic or text (Dawson J 2004) . Conversely, reading ease in this study did not affect student success. In fact, readability only impaired the students' plagiarism-detection skills in the Fair2 severity rating (properly paraphrased but lacking a citation; figure 4). More interesting is that with the types of plagiarism that students commonly overlook (e.g., patchwriting, or writing a paper by pasting patches of text together), they were more likely to identify plagiarism in the difficult text than in the moderate-readability text (figure 4). University-level readers may benefit from a challenging level of text, which forces them to notice the error in appropriating strings of words from an original text.
Attribution is not the silver bullet Across both classes (the levels of reading ease and time) the students performed worst on the Fair1 severity rating (student success, M = 33.4%, SE = 3.2). These paragraphs were both properly attributed but contained strings of consecutive words taken directly from the originals (up to 9 consecutive words in one paragraph and up to 15 in the other). The first week of class, 87.5% of the students volunteered explanations 
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for their answers associated with the two Fair1 paragraphs. Of these, 90.6% of the students who incorrectly judged these paragraphs as not plagiarized, reported that they did so because of the presence of a citation. Similarly, the students performed poorly on the Poor1 plagiarism severity rating. The paragraphs in this category were direct plagiarism (i.e., the entire paragraph was duplicated) with improper attribution (i.e., a source was provided, but quotation marks were absent). In pretreatment surveys, 92.2% of the responses for the Poor1 paragraphs included an explanation. I also found that 82.8% of the students who failed these questions reasoned that the inclusion of a source justified the paragraph as not plagiarized. Other studies have documented how English, psychology, science, and engineering students similarly viewed direct plagiarism without quotation marks as acceptable when an appropriate citation was given (Wilhoit 1994 , Roig 1997 , Soto et al. 2004 , Yeo 2007 .
Clearly, students are using citations as signposts. This is encouraging for instructors who have long encouraged students to indicate sources in their writing. This skill, however, is undercut by the students' simultaneous neglect of the reproduction of the text itself. In both cases above, the paragraphs were blatantly plagiarized through the lack of quotation marks and poor paraphrasing. The students, on the whole, did not identify these errors.
Unfortunately, no cross-discipline rule exists to define how many consecutive words a writer can replicate from an original text and still maintain ethical integrity (Roig 2001) . However, Roig (2001) found that less than 10% of participating instructors created paraphrases including word strings of eight or fewer. Most scientists, therefore, would likely deem a string of nine or more identical words (as was found in the Fair1 category of this study) as unacceptable; meanwhile, two-thirds of all of the students in the pretreatment surveys in this study judged this duplication as allowable. Despite the lack of a universal definition, it is appropriate for individual educators to stipulate the threshold of allowable word strings used by their students according to their specific discipline and context.
What should you do?
The single salient message from this study is that inadvertent plagiarism occurs in the biological sciences, and we, as educators, can reduce it. At the most basic level, students should be provided discipline-specific definitions and examples of plagiarism (Wilhoit 1994 , Ashworth et al. 1997 . Research has shown, however, that definitions alone are not sufficient to deter students from or to educate students about plagiarism (Hale 1987) .
Plagiarism instruction and written assignments focused on paraphrasing, quoting, and proper citation practices benefit both students and instructors. Citation assignments, similar to the one used in this study, allow students to make mistakes before they must combine synthesis of course content with plagiarism avoidance (Gaberson 1997) . Similarly, some instructors use plagiarism-detection software as a formative assessment to help students identify plagiarism in their own writing (e.g., Ledwith and Rísquez 2008 , Davis and Carroll 2009 , Rolf 2011 . Educated students, in turn, plagiarize far less (Landau et al. 2002 , Soto et al. 2004 . With fewer plagiarized submissions, instructors can focus on teaching and not on policing their students.
Clearly, this education is not the sole responsibility of English departments, librarians, or secondary education instructors; it deserves inclusion in the science curriculum in higher education (Freeman and Lynd-Balta 2010 ). An alternative intervention against plagiarism, apart from education and punishment, is developing students' authorial identity (Pittam et al. 2009 , Elander et al. 2010 . Instructors often warn students not to plagiarize, and some even instruct them on how to avoid it. However, do we explain why students should not plagiarize (Power 2009 )? Beyond the ethical issue, if students can view themselves as authors, the merit in intellectual property and the preservation of originality can promote ethical writing (Pittam et al. 2009 , Elander et al. 2010 .
What do we do now? There were three main limitations of the current study. First, the training treatments were not replicated. Second, the citation assignment used in this study, albeit successful, was fairly grading intensive. Future work is necessary to refine an assignment or learning module to minimize instructor time requirements while also maximizing the student-learning gain. Finally, in this study, only two components of student plagiarism were quantified: improper referencing and paraphrasing. Citing secondary sources (i.e., citing primary sources that the author has not read but has copied from another author's piece of secondary literature) is another common and equally unacceptable component of student Education plagiarism (Froese et al. 1995 ) that was not quantified in this study. As part of the plagiarism training, the students were required to distinguish primary from secondary literature and to recognize that paraphrasing secondary literature is plagiarism. An assessment of this latter type of plagiarism, however, was not possible because of the nature of the survey instrument. A two-sentence excerpt is clearly not enough information for a student to adequately gauge whether the larger work is primary or secondary literature and, therefore, whether it is appropriate to paraphrase. Although this issue was not addressed in the present study, plagiarism by citing secondary sources also deserves inclusion in undergraduate science curriculum.
This study underscores the need for more research on student plagiarism in the STEM sciences. I found that students who had taken and passed a college-level biology course could not identify various forms of plagiarism. An obvious extension of this work would be to replicate Roig's (2001) study and to ask students to apply their knowledge of plagiarism to synthesize novel paragraphs. Although it was heuristic to have the students apply their knowledge of plagiarism to prewritten paragraphs, it is more realistic to have them attempt to paraphrase and cite sources as they would on a written assignment. Moreover, if students were presented with complete sources, we may better evaluate plagiarism resulting from improper referencing, paraphrasing, and citation of secondary sources as a cohesive unit.
Finally, more work is needed to assess the long-term retention of plagiarism-avoidance skills. In the research to date, including in the present study, learning gains within only several months have been measured (Landau et al. 2002 , Schuetze 2004 ). The trained students in this study correctly identified plagiarism with a 90% success rate at the conclusion of the study, but will these gains last through an academic career, even without reinforcement?
